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VARIABLE EQUIVALENCY ON accurately . The simulation can be used to locate any inef 
CONNECTION IN A PROCESS SIMULATION ficiency in the current process and determine alterations that 

can improve or eliminate inefficiencies . Advantageously , 
CROSS - REFERENCE TO RELATED aspects of the present invention ensure the accuracy of the 

APPLICATIONS 5 model and responsive performance of the simulation while 
running . Moreover , such aspects facilitate the solving of This application is a continuation of U.S. application Ser . 

No. 14 / 570,873 , filed Dec. 15 , 2014 , entitled “ Variable large systems of equations for use in generating the simu 
lation . Equivalency on Connection in a Process Simulation ” , 

issued as U.S. Pat . No. 10,318,665 , all of which is hereby In one aspect , a system for developing a simulation of a 
incorporated by reference for all purposes . process is described . In one aspect , a system creates a first 

model within the simulation . The first model represents a 
BACKGROUND part of the process and comprises a first port to which other 

models may be connected . The system also creates a second 
Industry increasingly depends upon highly automated model within the simulation . The second model represents 

data acquisition and control systems to ensure that industrial 15 another part of the process and comprises a second port to 
processes are run efficiently , safely and reliably while low- which other models may be connected . The system then 
ering their overall production costs . Data acquisition begins connects the first port and the second port together . Upon 
when a number of sensors measure aspects of an industrial connection , the system allocates a memory location as a 
process and periodically report their measurements back to connection variable that represents a type of information 
a data collection and control system . Such measurements 20 transfer between the first and second ports . A first port 
come in a wide variety of forms . By way of example , the variable , which represents a value transferrable through the 
measurements produced by a sensor / recorder include : a first port , is set to reference the value and other properties at temperature , a pressure , a pH , a mass / volume flow of the assigned memory location . Similarly , a second port material , a tallied inventory of packages waiting in a ship variable , which represents a value transferrable through the ping line , or a photograph of a room in a factory . More 25 second port , is also set to reference the value at the allocated particularly , aspects of the present invention relate to sys memory location . In this manner , the simulation can run tems and methods for using tools that are designed to model 
and simulate the process in order to optimize the process . faster at least in part because , for example , the underlying 

solution matrix is smaller . The use of these modeling and simulation functions allows 
a user to capture the economic benefit from industrial In another aspect , a system for developing a simulation of 
processes such as refinery , chemical or petrochemical plant 30 a process is described . A system creates a model within the 
operations . Such models make use of known and acquired simulation . The model represents a part of the process and 
data from a process to accurately simulate the behavior of comprises a first port to which other models may be con 
the process . nected . The system also creates a sub - model within the 

Typical industrial processes are extremely complex and simulation . The second model represents a sub - part of the 
receive substantially greater volumes of information than 35 part of the process and comprises a second port to which 
any human could possibly digest in its raw form . By way of other models may be connected . The system then defines a 
example , it is not unheard of to have thousands of sensors connection between the first port and the second port . Upon 
and control elements ( e.g. , valve actuators ) monitoring / connection , the system allocates a memory location as a 
controlling aspects of a multi - stage process within an indus- connection variable that represents a type of information 
trial plant . These sensors are of varied type and report on 40 transfer between the first and second ports . A first port 
varied characteristics of the process . Their outputs are variable , which represents a value transferrable through the 
similarly varied in the meaning of their measurements , in the first port , is set to reference the value and other properties at 
amount of data sent for each measurement , and in the the assigned memory location . Similarly , a second port 
frequency of their measurements . As regards the latter , for variable , which represents a value transferrable through the 
accuracy and to enable quick response , some of these 45 second port , is also set to reference the value at the allocated 
sensors / control elements take one or more measurements memory location . In this manner , the simulation can run 
every second . Multiplying a single sensor / control element faster at least in part because , for example , the underlying 
by thousands of sensors / control elements ( a typical indus- solution matrix is smaller . 
trial control environment ) results in an overwhelming vol- In another form , a processor executable method is pro 
ume of data flowing into the manufacturing information and 50 vided . 
process control system . Sophisticated data management and This Summary is provided to introduce a selection of 
process visualization techniques have been developed to concepts in a simplified form that are further described 
handle the large volumes of data generated by such system . below in the Detailed Description . This Summary is not 
Due to this complexity , it is a difficult but vital task to intended to identify key features or essential features of the 

ensure that the process is running efficiently . Although 55 claimed subject matter , nor is it intended to be used as an aid 
modeling the process for the purpose of simulating it is in determining the scope of the claimed subject matter . 
known , the challenges involved in creating and using a Other features will be in part apparent and in part pointed 
simulation model of a process include ensuring the accuracy out hereinafter . 
of the model and responsive performance of the simulation 
while running . Simulation of a process requires solving large 60 BRIEF DESCRIPTION OF THE DRAWINGS 
systems of equations , which can be extremely time - consum 
ing and processing intensive . FIG . 1 is an example of a Model Editor window for 

defining connections between variables within a model in 
SUMMARY the process simulation . 

FIG . 2 is a related example of a Property Inspector 
Briefly , aspects of the present invention involve a system window for showing the behavior of connected variables in 

that models the process for the purpose of simulating it a model instance in the process simulation . 

65 
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FIG . 3a is an example of a first step in forming a input or output of a sub - model to the input or output of the 
connection on a flowsheet displaying a graphical represen- parent model of the sub - model . These equations are typi 
tation of the process simulation . cally simple equivalencies of the variables associated with 
FIG . 3b is an example of a second step in forming a the inputs or outputs . For example , if a model Sourcel has 

connection on a flowsheet displaying a graphical represen- 5 a variable T ( temperature ) and the value of that temperature 
tation of the process simulation . needs to be equated to another temperature variable in a 
FIG . 3c is an example of a third step in forming a sub - model ( Source1.Submodel.T ) , then the system can 

connection on a flowsheet displaying a graphical represen- introduce an equation “ Sourcel.T = Sourcel.Submodel.T ” to 
tation of the process simulation . represent this relationship . 
FIG . 4 is an exemplary flowchart describing the steps of 10 A complex process control system model can contain 

forming a connection between two models and updating the hundreds or even thousands of different models and many of 
process simulation to reflect the connection . them are connected to each other in this way . As a result , 

Corresponding reference characters indicate correspond- hundreds of simple equivalence equations like the one 
ing parts throughout the drawings . described above are created . In simulating the process 

15 control system , the equations of the simulation model must 
DETAILED DESCRIPTION be solved as a group of equations repeatedly . The inclusion 

of the equivalency equations significantly increases the size 
Aspects of the present invention generally relate to the of the group of equations to be solved . The number of the 

fields of networked computerized industrial control , auto- equivalency equations being solved can be reduced by the 
mation systems and networked computerized systems uti- 20 described system changing how the equations are treated by 
lized to monitor , log , and display relevant manufacturing the simulation . The designed system treats the simple 
production events and associated data , and supervisory level equivalency equations as result of a connection between 
control and manufacturing information systems . Such sys- models as a reference from the models to a single connection 
tems generally execute above a regulatory control layer in a variable , rather than an equation setting two variable equal 
process control system to provide guidance to lower level 25 to each other . In this way , the simple equivalency equations 
control elements such as , by way of example , programmable are not treated as equations that need to be solved in the 
logic controllers or distributed control systems ( DCSs ) . group of simulation equations . Instead , the connected vari 
Such systems are also employed to acquire and manage ables are now treated as references to a single memory 
historical information relating to such processes and their location or variable , which is used to replace the values and 
associated output . More particularly , aspects of the present 30 other properties of the connected variables in any other 
invention relate to systems and methods for using tools equations of the group of simulation equations . 
employing calculations that are designed model and simu- FIG . 1 shows an example of a screen 100 displaying a 
late the process in order to optimize the process . The use of Model Editor window 102. In an embodiment , the Model 
these modeling and simulation functions allows a user to Editor 102 enables a user to create connections between 
capture the economic benefit from processes such as refin- 35 variables and parameters via a computer system . The Model 
ery , chemical or petrochemical plant operations . Editor 102 is where a user creates and modifies models 

The described system provides improved simulation per- representing process equipment , controls , and other math 
formance by improving the rate at which groups of repre- ematical relationships . A user can create custom models that 
sentative mathematical equations can be solved during the include equations . The Model Editor 102 is used to define 
simulation process . A simulation model is created to accu- 40 variables 106 and connections 104 in models that represent 
rately represent and predict the behavior of an actual process the process control system . The Model Editor 102 defines 
control system . An accurate simulation model enables users new models or edits existing models to fit specific require 
to observe likely results of changes made to the process ments . A user can use the Model Editor 102 to build a 
control system without the significant cost of altering the hierarchy of models and sub - models , where complex models 
actual process control system before knowing the results . 45 are built out of smaller sub - models . This allows a user to 
Additionally , a simulation model can enable a user to detect create custom building blocks that can greatly increase the 
significant changes in the performance of the process control efficiency of building complex systems . In an embodiment , 
system as well as determine what may be causing those the sub - models of a model may include ports , which are 
changes in performance . specialized sub - models that enable the model to be con 
A simulation model of an entire process control system 50 nected to other models on a flowsheet . A user can add ports 

may be made up of many smaller and simpler models that to models to determine how the models can connect and 
represent individual devices and other pieces of the process interact with each other . 
control system . For instance , there may be models repre- The illustrated Model Editor 102 contains information 
senting tanks for holding materials and pumps for moving tabs including a Connections tab 104 and a Variables tab 
materials through pipes . Each of the models in the simula- 55 106. The Connections tab enables a user to create the 
tion may have a variety of parts , including inputs , outputs , connections between parameters and variables as discussed 
parameters , and variables . Each model may also have asso- above . The connections that have been formed are repre 
ciated mathematical equations designed to simulate the sented on rows 108 of the Connections tab 104. Each row 
behavior of the model . In an embodiment , the equations 108 shows information about a particular connection , 
represent certain relationships between parameters and vari- 60 including connection name , status , type , where the connec 
ables within the model . And in an embodiment , the model is tion is coming from , where the connection is going to , and 
made up of sub - models , which represent individual parts of a description of the connection . For instance , a row 108 
a device that make up the represented device in the process shows information about a connection C4 , which has a type 
control system . of “ variable ” and is connected from the variable “ Out.P ” to 

In many cases , equations are created to represent the 65 the variable “ P ” . This connection may be the result of 
behavior of models and the connection of an output of one connecting a sub - model within the present model to vari 
model to an input of another model or the connection of an ables of the present model . For instance , the “ Out.P ” vari 
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able may be an output from a sub - model called “ Out ” . The FIG . 2 shows a screen 200 displaying a Property Inspector 
“ P ” variable , in turn , is a variable represented within the window 202 related to the Model Editor window 102. The 
present model . Property Inspector window 202 displays information about 

The Variables tab 106 shows rows 110 with information a model Sourcel . Included in that information is a variables 
about variables from the present model . As mentioned 5 tab 204 that displays variables contained in or related to 
above , the “ P ” variable is shown here in a row 110 and Sourcel . In a Sourcel tab 206 , variables contained directly 
information about the variable is also given . For example , in Sourcel are displayed in rows . In a Sourcel.Out tab 208 , 

variables related to Sourcel but contained in a model called variable “ P ” has a type of “ Pressure ” , a unit of “ kPa " , and 
a default of 500. Because connection C4 has been created “ Sourcel.Out ” are displayed in rows . In an embodiment , the 
from “ Out.P ” to “ P ” , the system can track the connection 10 model “ Sourcel.Out ” is a sub - model of Sourcel . The Sourcel tab 206 shows a row 210 for displaying information without the use of an equivalence equation , instead treating about a variable named “ P ” as referenced in FIG . 1. “ P ” is references to “ Out.P ” and “ P ” as references to a single shown as having a value of 500 and a unit of KPA and it is memory location or variable representing the current pres associated with model Sourcel . The Sourcel.Out tab 208 sure level of the connected variables . 15 shows a row 212 for displaying information about a variable 
A model editor 102 may include a method of forming named “ P ” , which was referred to as “ Out.P ” in FIG . 1. The 

connections between a model and its sub - models in a variable “ P ” of row 212 is shown as having a value of 500 
simulation . This may include drop down menus or other and a unit of KPA and an association to the model 
GUI controls for configuring the connection . For instance , “ Sourcel.Out ” . As a result of the two “ P ” variables being 
the “ from ” field and “ to ” field in the connection row may 20 connected in the Model Editor 102 , the variables share 
enable a drop down menu featuring possible selections . A values and statuses as shown by the checkboxes and icons in 
user may define the new connection as having a particular the status columns on the left side of the rows 210 and 212 . 
type . In an embodiment , a connection may be defined as A user can add a variable 108 to a model in the Model 
having a “ variable ” type or a “ parameter " type . Additionally , Editor 102 and specify it for particular Simulation Modes . 
compatibility between the “ to ” field and the “ from ” field of 25 Choosing to specify a variable for a particular Simulation 
the connection may be detected and enforced . For instance , Mode means that , when the system is solving an equation , 
if the “ from ” variable is a “ Temperature ” variable and the that specified variable is defined before solving the equation , 
“ to ” variable is a “ Pressure ” type variable , the system may rather than being solved for with the equation . This allows 
detect that they are not compatible and indicate to the user a user to determine how different Simulation Modes affect a 
that the connection is invalid . This may be in the form of an 30 model and which variables need to be solved for in each 
error symbol , tool tip , popup , or the like providing infor- Simulation Mode . Variables have a variable type that deter 
mation about the variable type mismatch . Also , when the mines what the variable measures and what units of measure 
connection expects an array variable having an expected the variable uses . 
dimension , if a connected model represents a non - matching Advantageously , the system embodying aspects of the 
data dimension , then the error notification can be used to 35 invention permits a user to add equations to a model to 
alert a user of the mismatch . define mathematical relationships of variables within the 
The system is capable of determining validity of connec- model . Equations mathematically represent the behavior of 

tions in the simulation by validating dimensional consis- the entity that the model is representing and the act of 
tency of the representative mathematical equations of the solving the equations based on the specified variables 
connected models . When models are connected , the vari- 40 enables the system to accurately simulate the behavior of the 
ables and the representative equations of the models interact . actual system . When a new equation is added to a model or 
In an embodiment , the variables of the models have assigned an existing equation is modified , a user writes an expression 
units of measure that reveal information about what type of using the mathematical operators ( + , * , / , etc. ) and a variety 
data the variable represents . If the units of measure of the of other mathematical functions ( exponential , absolute 
variables from the connected models are not consistent 45 value , square root , etc. ) . Equations added to a model can 
across the mathematical equations , the system flags the include time derivative equations so that the model can 
connection or variable as being invalid . simulate dynamic behavior . These groups of operators and 
A model comprises , for example , one or more ports functions are meant merely as examples and do not limit the 

representing interfaces for transferring data into and out of use of operators and functions that are not listed 
the model . In an embodiment , the ports of a model each 50 The system enables a user to add a model as a sub - model 
transfer a different type of data . Some ports require input of another model . Sub - models are beneficial as they can be 
data from another source for the model to function . Those used as building blocks to create larger and more compli 
skilled in the art will appreciate that ports may have a type cated models . Multiple levels of sub - models can be used to 
that determines the type of information the port expects to form a simulation model . 
transfer . A port can represent some physical aspect of the 55 Moreover , the system enables a user to add a parameter to 
process control system , like the flow of a fluid from the a model . The simulation program according to embodiments 
model to an attached model , or a type of data representing of the invention allows integer , real and enumerated param 
a measurement of the process control system , like the results eters . Real parameters use the same variable types as vari 
of a temperature sensor detecting the temperature inside a ables . A parameter is like a variable , except that it is constant 
tank of fluid . Connecting two models together as described 60 and defined within the model . A parameter may be included 
may require the connection of compatible ports on each in an equation on a model , but it will always be defined 
model . based on what it is set to in the model , and the parameter will 

In an embodiment , the system enables connection never be solved for . Parameters can be connected so that the 
between compatible ports on models . Each port has a type , value of one parameter can be automatically propagated to 
and the system may only allow connection between ports 65 another parameter . 
associated with the same types . The system may not allow The display of variables and parameters will also be 
a user to connect a pressure port to a temperature port . configured in the Model Editor 102. The definition of the 
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" icon ” for the model will be shown in a panel called “ Icon ” . being connected , both properties P indicate the same value . 
New icons can be associated with a model . The icon to be The properties P may also share other properties such as 
associated may be in the form of an Extensible Application specification or minimum and maximum values . Upon being 
Markup ( XAML ) file . Other icon formats may also be used . connected , properties P and Out.P are each assigned to refer 

The simulation program embodying aspects of the inven- 5 to the same memory location or variable , such that their 
tion includes three Simulation Modes : Process Mode , Fluid values and other properties are the same so long as they are 
Flow Mode , and Dynamics Mode . Process Mode performs connected . 
steady state Simulations to create and improve process In FIG . 3b , the flowsheet 300 of FIG . 3a is shown with an 
design , Fluid Flow Mode is a steady state simulator that additional Valvel model 314 added . The Sourcel model 
models piping networks and Dynamics Mode simulates 10 properties window 304 is displayed . A Valvel model prop 
system transients over time . A Simulation created in Process erties window 316 is displayed . The window 304 displays 
Mode , for example , can be switched to Fluid Flow Mode by the property rows 310 and 312 as described in FIG . 3a . The 
changing the Mode toggle . Valvel model properties window 316 shows a list of prop 

Simulation Mode is toggled between Process , Fluid Flow erties for a sub - model Valvel . In within the Valvel model 
and Dynamics Mode by selecting the desired mode in the 15 314. The list of properties contains a highlighted row 318 
application ribbon on the Process , Fluid Flow and Dynamics which describes a property P. The property P of row 318 
tabs , respectively . Process mode is selected upon creation of shows a value and a unit type . The Sourcel model and 
a new Simulation . The variable specification in the Simu- Valvel model are not connected to each other . Because they 
lation will automatically change upon switching Modes aren't connected , the properties P of rows 310 and 312 and 
based on the default settings for each mode for each model . 20 the property P of row 318 do not have the same value . 
The different Simulation Modes also include options rel- In FIG . 3c , the flowsheet 300 of FIGS . 3a and 3b has been 
evant to the mode selected ; for example , the ability to modified to include a connection S1 320. The connection S1 
automatically solve the simulation in Process Mode and go 320 may be created by a user . In an embodiment , the user 
to a steady state in Dynamic Mode . may create the connection S1 320 by clicking on a port of 

Process Mode performs steady state Simulations to create 25 one model and dragging a line to a port on another model . 
and improve process design . It is designed to perform mass In this case , the connection S1 320 is formed between the 
and energy balance calculations . Process Mode is selected Sourcel model 306 and the Valvel model 314. The connec 
on - the - fly under the Mode section . In Process Mode , the tion S1 320 has been formed between a port on Sourcel 
variable specification of equipment in the Simulation will model 306 associated with the property P of row 312 and a 
change according to the definition for each model . Fluid 30 port on Valvel model 314 associated with the property P of 
Flow Mode is a steady state simulator that models piping row 318. The value and units of property P of row 318 now 
networks . Fluid Flow Mode can be selected on - the - fly under match the value and units of property Pof row 312 as a result 
the Mode section . In Fluid Flow Mode , the variable speci- of the connection S1 320 being formed . As stated 
fication of equipment in the Simulation will change accord- previous systems the result of the creation of connection Si 
ing to the definition for each model . Dynamics Mode 35 320 may result in the creation of a simple equivalency 
simulates system transients over time . Dynamics Mode can equation which would then be solved among many different 
be selected on - the - fly under the Mode section . In Dynamics equations during simulation . However , in the described 
Mode , the Variable specification of equipment in the Simu- system , that equation is instead replaced by a reference to a 
lation will change according to the definition for each model . single memory location or variable associated with the 
The modes primarily affect the basic specification of the 40 connection S1 310 . 
simulation : which variables are fixed or freed and which FIG . 4 shows an exemplary flowchart describing the main 
parameters , variables , and equations are active or inactive . process of the described system for improving the efficiency 
In the final environment it may also affect the preferred icons of simulation models . In a first step 402 , the system is 
available in the icon palette and the specific layers viewable responsive to a user adding a first and second model to the 
by default . 45 simulation . The user might use the flowsheet view as shown 

FIG . 3a shows a flowsheet screen 300 , a model editor in FIG . 3 to drag and drop the models from the model library 
window 302 , and a model properties window 304. On the onto the flow sheet . The user may also make use of a Model 
flowsheet 300 , a simulation model is being built which is Editor window as shown in FIG . 1 to create the models . 
composed of a first source model . There is a Sourcel model In a second step 404 , system is responsive to the user 
icon 306 placed on the flowsheet screen 300. The model 50 connecting the first and second models together at connec 
editor window 302 displays a list of connections within the tion points on each model . This can be seen in FIG . 3 with 
Sourcel model 306. On the list , a connection 308 is high- the connection of the Sourcel to the Valvel via the S1 
lighted . The connection 308 describes a connection within connector . Models may have multiple connection points 
the Sourcel model between a sub - model variable Out.P and ( ports ) which may be of the same or different types and each 
a variable of Sourcel indicated by P. The model properties 55 connection point may be associated to a variable or param 
window 304 displays properties of the Sourcel model 306 . eter of that model . In this step , the user chooses appropriate 
The model properties window 304 shows a list of properties connection points on both models . The connection points 
of the Sourcel model and a list of properties of a sub - model should both be of the same type . For instance , they could 
named Sourcel.Out . Two rows of the lists are highlighted . In both be Fluid ports , but if one was a Fluid port and the other 
the Sourcel properties list , a row 310 shows a property P of 60 was a Control port , the connection would not be allowed . 
the Sourcel model 306. The property Phas a value and a unit In a third step 406 , in response to the newly formed 
type , as well as several status icons . In the Source1.Out connection , the system allocates a memory location repre 
properties list , a row 312 shows a property P of the sentative of a single variable representing a data value at the 
Source1.Out sub - model . The row 312 indicates the property connection point . The connected variables will be assigned 
Palso having a value and a unit type . According to the model 65 to reference the allocated memory location , such that 
editor window 302 , the property P of Sourcel and the changes to the value at that memory location result in 
property Pof Sourcel.Out are connected . As a result of them changes to each of the connected variables . In a fourth step 

ove , in 
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408 , the connection point variables on the two connected to Vor M.V with the same connection variable . For instance , 
models are assigned to refer to the value at the newly the following set of connections and equations can be 
allocated memory location . In this way , the connection point reduced according to the process described above : 
variables on the models will always reflect identical values Connection : A?B 
and information for as long as the connection lasts . In an Connection : B > C 
embodiment , the connection points being connected com- Connection : A > D 
prise ports which comprise multiple variables . The connec- Equation : A function of A , E , and F 
tion of the ports results in a variable connection being Equation : A function of C and F 
formed between each matching variable of the connected Equation : A function of D and E 
ports . For instance , if a port had four variables and it was 10 The described system recognizes that A , B , C , and D are 
connected to a port on another model that also contained all equivalent to each other due to being related with variable 
those same four variables , four variable connections will be connections and it will treat the variables as being equivalent 
created , one for each matching pair of variables . in order to simplify the equation set . The system may set A , 

In a fifth step 410 , the system determines equations that B , C , and D equal to a single value at an allocated memory 
contain the connection point variables of the models and 15 location represented by variable Z , which represents the 
updates the equations with references to the value of the connection of the variables . This eliminates the first three 
newly allocated memory location . The equations which refer connection equations . The variable Z is then substituted for 
to the connection point variables will then be referring to the the equivalents in the other three equations , which results in 
same value at that memory location . In this way , there is no run - time equations which behave as : 
need for a simple equivalence equation for the connected 20 Equation : A function of Z , E , and F 
variables of the models . Instead , the number of equations Equation : A function of Z and F 
and variables is reduced by substituting the value at the Equation : A function of Z and E 
allocated memory location as necessary for the connected In another embodiment , a typical process simulation may 
connection point variables . comprise many simple equivalency equations based on two 

Additionally , one of the two models in the above example 25 ports being connected which a user may manually add to the 
may be a sub - model and the other may be a model contain- simulation . For instance , port X being connected to port Y 
ing that sub - model . There may also be additional sub- results in one or more equations of the form “ X.V = Y.V ” , 
models forming connections to the connection variable where “ V ” is a variable in the port . As described above , the 
within the first level sub - model . In this case , several different system would eliminate that equation and replace references 
variables may be eliminated for the purpose of solving the 30 to X.V or Y. V with the same variable . For instance , suppose 
simulation equations . that Model M1 contains a port OUT which in turn contains 
The first step in analysis is to convert the editable simu- two variables P and T. Also suppose that model M2 contains 

lation structure ( flowsheets , model instances ) into a set of a port IN which in turn contains variables P and T. When a 
numerical equations . This is done by starting at the top level connection is made between M1.OUT and M2.In this 
root flowsheet and recursively replacing each model 35 would , without the variable connections described herein , 
instance with the equations it introduces to the system . Since result in two additional equations being added to the simu 
models in the library may be include parameters , the process lation : 
of equation generation involves applying current values of Equation : M1.OUT.P = M2.IN.P 
parameters , such as the number of thermo components in Equation : M1.OUT.T = M2.IN.T 
use , or the conditional inclusion of a sub - model such as a 40 However , because of the variable connections feature , the 
heat loss calculation or compressor head - flow curve . This system actually uses the fact that M1.OUT and M2.IN are 
naturally means that changing a configuration parameter connected to define variable connections , not equations , and 
may change the number and type of equations in the system therefore the following connections are created : 
while keeping the same flowsheet topology . Connection : M1.OUT.P- > M2.IN.P 

Referring now to partitioning equations into solvable and 45 Connection : M1.OUT.T > M2.IN.T 
unsolvable , before any attempt can be made to solve the As a result , the system is better able to solve the equations 
equations generated from the model they must be checked quickly and therefore more quickly simulate the behavior of 
for consistency and valid specification . Specification prob- the process control system . The system will treat the variable 
lems may include groups of equations that have too many in each connection as being equivalent to each other in order 
unknown variables for solution ( “ underspecified ” ) or groups 50 to simplify the equation set . The system may set M1.OUT.P 
of equations that have too few variables for solution ( " over and M2.IN.P to a single connected variable represented by 
specified ” ) . Both situations may occur at the same time . It is variable Z1 , and also set M1.OUT.T and M2.IN.T to a single 
natural for incomplete specifications to occur as a simulation connected variable represented by variable Z2 . The vari 
is being constructed and the goal of this step is to ensure the ables Z1 and Z2 are then used for the equivalents in other 
system does not try to solve equations that are not yet ready 55 equations used in the simulation . If one of the new variables 
for solution . is deleted , the system is capable of alerting the user that the 

In order to solve a group of solvable equations , there connection now references a variable that no longer exists . 
should be an equation for each of the " free " or unsolved The user may then respond to the alert in an appropriate way 
variables . In a typical process simulation , many of those by removing the connection or creating a new variable to 
equations are simple equivalency equations based on the 60 add to the connection . If the connection is deleted , the 
equivalency of model variables and sub - model variables reference that has been created by the system representing 
defined in the Model Editor . For instance , a model contain- the connection will automatically be removed from the 
ing variable V and also containing sub - model M ( which in simulation and the previously connected variables may 
turn contains variable X ) would , without variable connec- revert back to a previous state . 
tions as described herein , have an equivalency equation 65 Variables that have been connected in this manner take on 
“ V = M.V ” . However , by using variable connections instead the properties of a single variable . Preferably , they maintain 
of equivalence equations , the system can replace references the same data values as well as other related properties . For 
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instance , if one of the variables that has been connected is minicomputers , mainframe computers , distributed comput 
a " required ” variable , then all of the variables connected to ing environments that include any of the above systems or 
the connection will also be considered “ required ” . Other devices , and the like . 
properties may also be shared between connected variables , Embodiments of the aspects of the invention may be 
such as if a variable is specified or calculated . If any of the 5 described in the general context of data and / or processor 
connected variables have a default value , then that becomes executable instructions , such as program modules , stored 
the default for all of the connected variables as well . one or more tangible , non - transitory storage media and 

In the event that connected variables have different prop executed by one or more processors or other devices . 
erties from each other , the system decides which properties Generally , program modules include , but are not limited to , 
to maintain for the connection . For example , if the con 10 routines , programs , objects , components , and data structures 
nected variables have multiple default values , the system that perform particular tasks or implement particular abstract 
may decide to use the largest default value across all of the data types . Aspects of the invention may also be practiced in 
connected variables . If a user specifies a certain default for distributed computing environments where tasks are per 

formed by remote processing devices that are linked through one of the connected variables , then that specified default 15 a communications network . In a distributed computing may override all other defaults of the connected variables . environment , program modules may be located in both local 
If the connected variables have minimum and maximum and remote storage media including memory storage 

values , then the system chooses which value limits to devices . 
maintain . In an embodiment , the system maintains the In operation , processors , computers and / or servers may 
minimum and maximum values that provide the widest_20 execute the processor - executable instructions ( e.g. , soft 
range , unless otherwise specified . The rules the system ware , firmware , and / or hardware ) such as those illustrated 
follows to determine these shared properties can also be herein to implement aspects of the invention . 
altered by a user as desired , but a user should be careful Embodiments of the aspects of the invention may be 
about setting a minimum value higher than the maximum implemented with processor - executable instructions . The 
value . 25 processor - executable instructions may be organized into one 

The system preferably maintains a connection graph or more processor - executable components or modules on a 
derived from information about the parameters and variables tangible processor readable storage medium . Aspects of the 
of the system and how they are connected to each other . In invention may be implemented with any number and orga 
an embodiment , the connection graph maintains information nization of such components or modules . For example , 
about the connections between the various parameters in 30 aspects of the invention are not limited to the specific 
order to propagate values between connected parameters or processor - executable instructions or the specific compo 
highlight inconsistent values between connected parameters . nents or modules illustrated in the figures and described 
For example , connected parameters having conflicting herein . Other embodiments of the aspects of the invention 
default values are highlighted and then fixed by a user who may include different processor - executable instructions or 
is configuring the simulation . 35 components having more or less functionality than illus 

In an embodiment , the connection graph contains vertices trated and described herein . 
that represent particular connections . The vertices are bound The order of execution or performance of the operations 
to particular names , independent of the objects which they in embodiments of the aspects of the invention illustrated 
connect . In this way , objects may be added and removed and described herein is not essential , unless otherwise speci 
from a particular connection vertex without the need to alter 40 fied . That is , the operations may be performed in any order , 
the name of the vertex . A vertex may have a particular value , unless otherwise specified , and embodiments of the aspects 
which is propagated to each of the objects connected to the of the invention may include additional or fewer operations 
vertex , and it may have a type which defines the type of data than those disclosed herein . For example , it is contemplated 
flowing through the connection . that executing or performing a particular operation before , 

For purposes of illustration , programs and other execut- 45 contemporaneously with , or after another operation is within 
able program components , such as the operating system , are the scope of aspects of the invention . 
illustrated herein as discrete blocks . It is recognized , how- When introducing elements of aspects of the invention or 
ever , that such programs and components reside at various the embodiments thereof , the articles " a , " " an , ” “ the , " and 
times in different storage components of a computing " said ” are intended to mean that there are one or more of the 
device , and are executed by a data processor ( s ) of the device . 50 elements . The terms " comprising , ” “ including , ” and “ hav 

Although described in connection with an exemplary ing ” are intended to be inclusive and mean that there may be 
computing system environment , embodiments of the aspects additional elements other than the listed elements . 
of the invention are operational with numerous other general In view of the above , it will be seen that several advan 
purpose or special purpose computing system environments tages of the aspects of the invention are achieved and other 
or configurations . The computing system environment is not 55 advantageous results attained . 
intended to suggest any limitation as to the scope of use or Not all of the depicted components illustrated or 
functionality of any aspect of the invention . Moreover , the described may be required . In addition , some implementa 
computing system environment should not be interpreted as tions and embodiments may include additional components . 
having any dependency or requirement relating to any one or Variations in the arrangement and type of the components 
combination of components illustrated in the exemplary 60 may be made without departing from the spirit or scope of 
operating environment . Examples of well - known computing the claims as set forth herein . Additional , different or fewer 
systems , environments , and / or configurations that may be components may be provided and components may be 
suitable for use with aspects of the invention include , but are combined . Alternatively or in addition , a component may be 
not limited to , personal computers , server computers , hand- implemented by several components . 
held or laptop devices , multiprocessor systems , micropro- 65 The above description illustrates the aspects of the inven 
cessor - based systems , set top boxes , programmable con- tion by way of example and not by way of limitation . This 
sumer electronics , mobile telephones , network PCs , description enables one skilled in the art to make and use the 
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aspects of the invention , and describes several embodiments , instructions for reducing the number of equations to be 
adaptations , variations , alternatives and uses of the aspects solved during execution of the simulation by setting , 
of the invention , including what is presently believed to be in response to said allocating the memory location , 
the best mode of carrying out the aspects of the invention . the first port variable in the at least one mathematical 
Additionally , it is to be understood that the aspects of the 5 equation of the first set and the second port variable 
invention is not limited in its application to the details of in the at least one mathematical equation of the construction and the arrangement of components set forth in second set to reference the value of the allocated the following description or illustrated in the drawings . The memory location , thereby substituting the value of 
aspects of the invention are capable of other embodiments the allocated memory location for the first port and of being practiced or carried out in various ways . Also , 10 variable in the at least one mathematical equation of it will be understood that the phraseology and terminology the first set and the second port variable in the at least used herein is for the purpose of description and should not 
be regarded as limiting . one mathematical equation of the second set as a 

Having described aspects of the invention in detail , it will result of said setting , and 
be apparent that modifications and variations are possible 15 thereby obviating the need for an equivalence equation 
without departing from the scope of aspects of the invention to link the first port variable and the second port 
as defined in the appended claims . It is contemplated that variable . 

various changes could be made in the above constructions , 2. The system of claim 1 , the software instructions further 
products , and process without departing from the scope of comprising : 
aspects of the invention . In the preceding specification , 20 instructions for creating a third model in the simulation , 
various preferred embodiments have been described with representing a third portion of the process , said third 
reference to the accompanying drawings . It will , however , model comprising a third port to which other models 
be evident that various modifications and changes may be are connectable , and said third model further compris 
made thereto , and additional embodiments may be imple- ing a third set of one or more mathematical equations 
mented , without departing from the broader scope of the 25 representative of a behavior of the third portion of the 
aspects of the invention as set forth in the claims that follow . process , at least one of said mathematical equations 
The specification and drawings are accordingly to be including a third port variable representative of a value 
regarded in an illustrative rather than restrictive sense . transferable through the third port ; The Abstract is provided to help the reader quickly instructions for connecting the third port to the first port ascertain the nature of the technical disclosure . It is submit- 30 and second port in the simulation ; and ted with the understanding that it will not be used to interpret instructions for substituting the value of the allocated or limit the scope or meaning of the claims . 
What is claimed is : memory location for the third port variable in the at 

least one mathematical equation of the third set in 1. A system for developing a simulation of a process that 
improves the rate at which a processor executing the simu- 35 response to connecting the third port to the first and 
lation can solve mathematical equations thereof , the system second ports , 
comprising : wherein said substituting further reduces the number of 

a processor configured to receive data relating to the equations to be solved during execution of the simu 
process ; lation by obviating the need for one or more equiva 

a memory device coupled to the processor ; and lence equations to link the third port variable to the first 
software instructions stored on the memory device and port variable and the second port variable . 

executable by the processor , said instructions compris- 3. The system of claim 1 , the software instructions further 
ing : comprising : 
instructions for generating a first model in the simula- instructions for connecting the first port to the second 

tion , representing a first portion of the process , said 45 port ; 
first model comprising a first port to which other wherein connecting the first port to the second port 
models are connectable , and said first model further comprises connecting an icon of the first model on a 
comprising a first set of one or more mathematical flowsheet and an icon of the second model on a 
equations representative of a behavior of the first flowsheet with a line . 
portion of the process , at least one of said math- 50 4. The system of claim 1 , wherein the first port variable 
ematical equations including a first port variable has a default value and that default value is assigned to the 
representative of a value transferable through the connection variable when the value of the allocated memory 

location is substituted for the first port variable . 
instructions for generating a second model in the simu- 5. The system of claim 1 , wherein the first port variable 

lation , representing a second portion of the process , 55 has minimum and maximum value constraints and those 
said second model comprising a second port to constraints are assigned to the connection variable when the 
which other models are connectable , and said second value of the allocated memory location is substituted for the 
model further comprising a second set of one or first port variable . 
more mathematical equations representative of a 6. The system of claim 5 , wherein the second port variable 
behavior of the second portion of the process , at least 60 has a minimum value constraint greater than the minimum 
one of said mathematical equations including a sec- value constraint of the first port variable and a maximum 
ond port variable representative of a value transfer- value constraint less than the maximum value constraint of 
able through the second port ; the first port variable and the minimum and maximum value 

instructions for allocating a memory location in the constraints of the first port variable are assigned to the 
memory device as a connection variable representa- 65 connection variable . 
tive of a type of information transfer between the 7. The system of claim 1 , wherein the first port variable 
first model and the second model ; and has required status for the function of the first model and the 

40 

first port ; 
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connection variable inherits the required status of the first ematical equations by obviating the need for one or 
port variable , causing the second port variable to gain more equivalence equations to link the third port vari 
required status . able to the first port variable and the second port 

8. A method of developing a simulation of a process that variable . 
improves the rate at which a processor executing the simu- 5 10. The method of claim 8 , wherein connecting the first 
lation can solve mathematical equations thereof , the method port to the second port comprises connecting an icon of the comprising : first model on a flowsheet and an icon of the second model creating a first model in the simulation representing a first on a flowsheet with a line . portion of the process , said first model comprising a 

first port to which other models are connectable , and 10 has a default value and that default value is assigned to the 11. The method of claim 8 , wherein the first port variable 
said first model further comprising a first set of one or connection variable when the at least one equation of the more mathematical equations representative of a 
behavior of the first portion of the process , at least one first set is updated to reference the value of the allocated 
of said mathematical equations including a first port memory location in place of the first port variable . 
variable representative of a value transferable through 15 12. The method of claim 8 , wherein the first port variable 
the first port ; has minimum and maximum value constraints and those 

creating a second model in the simulation representing a constraints are assigned to the connection variable when the 
second portion of the process , said second model at least one equation of the first set is updated to reference 
comprising a second port to which other models are the value of the allocated memory location in place of the 
connectable , and said second model further comprising 20 first port variable . 
a second set of one or more mathematical equations 13. The method of claim 12 , wherein the second port 
representative of a behavior of the second portion of the variable has a minimum value constraint greater than the 
process , at least one of said mathematical equations minimum value constraint of the first port variable and a 
including a second port variable representative of a maximum value constraint less than the maximum value 
value transferable through the second port ; 25 constraint of the first port variable and the minimum and 

connecting the first port to the second port in the simu- maximum value constraints of the first port variable are 
lation ; assigned to the connection variable . 

allocating a memory location in a memory storage device 14. The method of claim 8 , wherein the first port variable 
as a connection variable representative of a type of has a property status and the connection variable inherits the 
information transfer between the first model and the 30 property status of the first port variable , causing the second 
second model based on characteristics of the first port port variable to gain the property status . 
and the second port ; and 15. A system for developing a simulation of a process that 

reducing the number of equations to be solved during improves the rate at which a processor executing the simu 
execution of the simulation by updating , in response to lation can solve mathematical equations thereof , the system 
said allocating , the at least one equation of the first set 35 comprising : 
to reference the value of the allocated memory location a processor configured to receive data from one or more 
in place of the first port variable and updating , in sensors of the process ; 
response to said allocating , the at least one equation of a memory device coupled to the processor ; 
the second set to reference the value of the allocated software instructions stored on the memory device and 
memory location in place of the second port variable , 40 executable by the processor , said instructions compris 

wherein said reducing limits the number of equations to ing : 
be solved for the first and second models during instructions for generating a model in the simulation 
execution of the simulation to the number of equations representing a portion of the process , said model com 
comprising the first and second sets of mathematical prising a first port to which other models are connect 
equations , thereby obviating the need for an equiva- 45 able , and said model further comprising a first set of 
lence equation to link the first port variable and the one or more mathematical equations representative of a 
second port variable . behavior of the portion of the process , at least one of 

9. The method of claim 8 , further comprising : said mathematical equations including a first port vari 
creating a third model in the simulation representing a able representative of a value transferable through the 

third portion of the process , said third model compris- 50 
ing a third port to which other models are connectable , instructions for generating a sub - model of the model in 
and said third model further comprising a third set of the simulation , representing a sub - portion of the por 
one or more mathematical equations representative of a tion of the process , said sub - model comprising a sec 
behavior of the third portion of the process , at least one ond port to which other models are connectable , and 
of said mathematical equations including a third port 55 said sub - model further comprising a second set of one 
variable representative of a value transferable through or more mathematical equations representative of a 
the third port ; behavior of the sub - portion of the process , at least one 

connecting the third port to the first port and second port of said mathematical equations including a second port 
in the simulation ; and variable representative of a value transferable through 

updating , in response to connecting the third port to the 60 the second port ; 
first and second ports , the at least one equation of the instructions for defining a connection between the first 
third set to reference the value of the allocated memory port and the second port ; 
location in place of the third port variable , instructions for allocating a memory location in the 

wherein said updating limits the number of equations to memory device as a connection variable in response to 
be solved for the first , second , and third models during 65 said defining the connection between the first port and 
execution of the simulation to the number of equations the second port , said connection variable representative 
comprising the first , second , and third sets of math of a type of information transfer between the first 

first port ; 
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model and the model port based on characteristics of 
the first port and the second port ; and 

instructions for reducing the number of equations to be 
solved during execution of the simulation by setting the 
first port variable in the at least one mathematical 5 
equation of the first set to reference the value of the 
allocated memory location in response to said allocat 
ing the memory location and setting the second port 
variable in the at least one mathematical equation of the 
second set to reference the value of the allocated 10 
memory location in response to said allocating the 
memory location , 

thereby substituting the value of the allocated memory 
location for the first port variable in the at least one 
mathematical equation of the first set and the second 15 
port variable in the at least one mathematical equation 
of the second set as a result of said setting , and 

thereby obviating the need for an equivalence equation to 
link the first port variable and the second port variable . 

16. The system of claim 15 , wherein the second port 20 
variable has a default value and that default value is assigned 
to the connection variable when the second port variable is 
replaced by the value of the allocated memory location . 

17. The system of claim 15 , wherein the first port variable 
has a property and the connection variable inherits the 25 
property of the first port variable , causing the second port 
variable to gain the property . 


